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.1 
This invention :relates :to steam generators. 
"The nvention isa ater t,ube steam generator 
including a verticaly-elongated :furnace, .the 
walls of which are-deflnedby steam generating 
tubes,which provide the major part of he steam 
,geneated by the installation. The ..furnace 
.gases-flow laterallg ïrom the furnace across 
horizontally spaced .uprght -steam gener-ating 
tubes and thon .to .an .upright gas-pass in which 
par. of. a high ,temperture :su.perheater is dis- 
:pused. -.The ;remainder .of the _supezheater. con- 
sists .of ,upright .tubular :s.ec¢ions constituting a 
bank of tubes disposed-betveen  the furnace :and 
 the:.inlet of the gas pass. Tke uprght.super- 
heater tubes form extensions of ,the tnbular:par.ts 
of,the superheaterin _the :gas,pass  so .that :stem 
flowstransversely of:.the flow:0fgases in.,thegas 
pass, then through the :upright ubular sections 
between the .gas pass-and ,the furnace,-.and thon 
through, other parts .o ithe superhe.ater ubes 
to :a suprheater ourlet .-on ïthe opposite :side 
of the gas.pass from the ïurnace. 
he invention providessteam .t. a:highsuper- 
heat with minimum .requirementsfor high :cost 
alloys for parts of a superheater .disposed in a 
.high temperature .gas zone. It-also provides .a 
-steam generating installation'.n Which the supr- 
heater/ubes are accessible through an.-external 
ourlet header which, by ]:eason of '.the type of 
superheater, construction.canbe.disposed:at :such 
a .position that troublesome .nd :cmplicated 
provisions .,for .gas sealing:the wall onstruction 
around the superheaer tuhes adjacent the 
header .are unnecessary. By virtue oï the par- 
ticular construction of-the superhater utilizing 
continuous tubes which (provile a ihorizontal 
bank Of tubes in an upright gas pass,nd a-sub- 
-stantially- spaced upright .bank :of :tubes at al-high 
emperature gas zone, the superheater .o.utlet 
header:isalso so lisposedthatthe tubul arsteam 
:conducting elements .extendingtherefromean-be 
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temperator to the other, superheatersection,.:and 
thon rom the other .sperheater section to .a 
point of use. 
The superheater of .the ..inv.ention ..is of .su_ch 
4î construction that -water,-.used to ,prote,c £he 
superheater tubes insarting .up,can»bereadilF 
discharged from the .tubes when steam.is ,:about 
fo pass through he ,tubes .under operativ.e con- 
ditions. Under a banked condition, ,the .spr- 
10 heater tubes can be-mainained.underel ualized 
temperature :conditions .inasmuch .as the ,..on- 
struction inherentl, y .tends to avoid ,a ¢ondition 
wherein one part-of-the .super-heater contins 
water and anotherpar contans.steam or waer 
15 .vapor. The superheater ats0 .facilitates ,the e- 
moval of scale-accumulatioBs n «the up_erhea¢r 
tubes by washingor chemical cleanin. 
The invention will be describedwith reer.,en_ce 
to the ,accomp.anying drawings which shw a 
20 preferred embodiment :of the OEn'entiol, and 
Other objects of the inventionwill appear.as,the 
accompanying description procCeds. 
In .the .drawings: 
Fig. 1/is a-vertical .section through the ,itlus- 
25 trative steam generätor; 
Fig. 2 is-a partial ertical section on the line 
2--2 Of ,ig. :1, fllustrating the arrangement of 
superheater .and economizer ubes; 
Fig..3 is a horizontal section on ]e line ,- 
0 of Fig. 1; -'and 
Fig.:4. is a partial horizontale.section .onthe dine 
 of Fig. 1. 
The steam «gcnerator .shown ,in the dzaWlngs 
includes a primary cyclonefnrnace |.O,ïromhich 
35 burning fuel and combnsfion .products 
through the .intermediate furnce hamher 
to the secondary combustion,chamber :|. 'Tiis 
furnace construction and .arrangement 
ticu]arly alaptea for burning crushed coslImder 
40 high temperature conditions, the slag bilg :dis- 
charged îrom the hearth I through the slag 

constructed and arranged atminimum cost and 
with a minimum interference with the associ- 
' ated parts of the installation. 
 The.invention as specifled above is larticularly 
alvantgeous when the superheater  divided 
intohigh temperature and low,temperature sec= 
-tions having tubes constructed .in .the manner 
indicatebl, and also .whena-superheat controlling 
..attemperator is disposed in 'the.steam -flow be- 
tween .the two superheater sections. :In _this 
event, .a plurality .0ï-superheaer 'headers are 
neeleïl,-together with a number 0ï high-pressure 
.steam conduits ,or conducting seam from one 
-sectionto he ,attemPeraor, .bckfrom the 

tap opening I'/. 
The furnace and combustion chamber walls 
are deflned by rows ,of steam-generating tubes 
45 connected to discharge steam'andwaterintothe 
steam and water drum 2, some Of the tlbes 
being connected into .the boiler circulation sys- 
rem by appropriate conduits between lower 
headers such as --29, andthe large diameter 
 5O upright-downcomer | dislosed at the side oï 
the installation and connectedto the waterspaue 
of the drum 
Th high temperature section o the ïurnace, 
including the cyclone,furnace. |  nd :.the :inter- 
 55 .medate OEurnace Chamber |, ,hs be urrae 



2599»316 

3 
sides of the tubes covered with a high tempera- 
ture non-metallic refractory material maintained 
by extended surface elements welded to the tubes, 
but above this furnace section, and in the sec- 
ondary combustion chamber 14, the wall tubes 5 
are preferably exposed directly to the heating 
effects of the furnace gases. The walls, such as 
33 and 3§, deflned by these tubes, further involve 
refractory material and thermal insulation ma- 
terial disposed on the exterior sides of the tubes, lO 
At the upper part of the secondary combus- 
tion chamber 14, as fllustrated in Fig. 1, the gases 
turn to the right and pass across a bank of up- 
right steam generating 'tubes 3{}. As show-n, 
these tubes directly connect the drums 2{} and 22. 15 
Beyond the bank of steam generating tubes 
30, the gases flow over the superheater sections 
and then downwardly through the gas pass 32 
over the tubes of the economizer 34. Beyond the 
economizer, the gases pass through the tubes of 20 
the primary air heater section 34 and then con- 
tinue over the tubes of the low temperature 
economizer section 36. While passing oveç this 
economizer section, the gases turn and then pass 
 upwardly through the tubes of the secondary 25 
air heater section 36, and then through the duct 
4{} Which leads to the tubes of a third air heater 
section 42. Fçom the gas exit side of this air 
 heater section, the gases pass to the flue 44. Ap- 
propriate gas pass walls combine with the furnace 30 
 and the combustion chamber walls fo provide for 
such movement of the gases. 
From the steam and water drum 22 tubes 50 
 lead to a primary inlet header 52 of the super- 
hCter. Intermediate sections of some of these 35 
tubes are aligned to deflne the roof 54 over the 
gas pass 32 and beyond this roof, upright sections 
of the tubes 5{} deflne the wall 55. 
From the Çuper heater inlet header 52 the 
steam passes through rows of multiple-loop su- 4o 
perheater tubes forming the bank of tubes 56. 
From this bank , the tubes continue through the 
vertical tube baflïe 6{} and then have looped sec- 
tions 62 and 64 extending uPwardly af a posi- 
tion rearwardly of the bank of the tubes 3{}, rela- 5 
tire to gas flow. Steam flows upwardly through 
; the sections 62 and 64, then downwardly through 
the connected 10op sections 5{} and 6{}, and then 
horizontally through the Upper tubes 6{} of the 
bank of tubes 56 to an intermediate superheater. 5O 
header , the sections 52, 64, 65, and 8 con- 
stituting an upright bank of superheateç tubes. 
From the header {} the superheated steam 
passes through an external conduit 2 to an at- 
temperator 4 within the drum 2{}. From this 
attemperator the steam flows through a conduit 
 to the .inlet headeç 6 for the second super- 
'heater section 6{}: This section, as shown in the 
drawings includes a bank of multiple loop tubes 
with their successive tubular elements extend-,60 
ing horizontally back and forth across the down - 
ward gas flow within the gas pass 32. 
 The tubular elements of the superheater sec- 
tion 6{} are extended between the tubes of the 
baflïe {} so that the steam then flows through the  5 
upwardly extending loop sections 62 and 64, then 
through the connected downwardly extended loop 
sections 66 and 6{}, and then through the top 
tubes of the horizontal bank of superheater tubes 
6{}. fo the outiet header S{} of the superheateç. 70 
From this header the steam flows toa point of 
use. 
.. O£. the total surface of the primary super- 
heter section less than hall is ïormed by the tube 
:seetions $2, 4, .66, and 68 which extend wrtically- 5 

4 
across the horizontal flow of furnace gases. 
These vertically extending tube sections are more 
widely spaced and are made of a steel of higher 
heat resistance than the steel involved in the 
horizontally disposëd tubes of section 56. Similar 
arrangements and considerations apply to the 
bank of tubes 6{} and the comparison of their 
surface to that of the tube sections 62, 84, S6 and 
Because of the fact that only a smaller propor- 
tion oî the total superheater surface (the up- 
right superheater tubes) is exposed fo higher tem- 
perature gases, the additional expense involved 
for the more costiy metal of these tube sections 
is minimized.. 
The illustrative steam generating installation 
also includes an economizer having upright wall 
cooling tubes 2 and 3 at the opposite sides of 
an upward extension f the gas pass .2 two of 
such extensions being separated by the rows of 
upright tubes 2 and 3 (see Fig. 2) which may 
be utilized to support the horizontally extending 
coils of the main economizer section 34 immedi- 
ately below the superheater tubes of section 58. 
As illustrated in the drawings (Fig. 2), the tubes 
92 bave their upper ends connected to a horizon- 
tal header I{}{} and the tubes 3 and 94 are simi- 
larly connected to a similarly and intermediately 
disposed header 1{}2. These headers and a header 
similar to header 1{}.8 at the opposite side of the 
gas pass are directly connected to the steam and 
water drum 22 by circulators such as 1{}4 and 1{}6. 
The feed water enters the horizontal return 
bend tubes of the second economizer section 36 
through an inlet conduit 18 and, after passing 
through these tubes, flows through the connect- 
ing tubes 112 to inlet headers such as the header 
114, of the economizer section 4 (Fig. 1). The 
water flows back and forth through the return 
bend tubes of the section 34, through the upright 
wall cooling tubes such as {}2--94 (Fig. 2) to the 
outiet headers such as I{}{} and }2, and then 
through circulators such as 1{}4 and 105 to the 
water space of the drum 22. 
As illustrated, the economizer section 6 is 
functionally disposed between the air heater sec- 
tions 34 and 36 (relative to gas flow) with the 
air inlet af the top of the installation as indicated 
at I I 5 in Fig. 1. From this inlet the air flows 
horizontally as indicated by the arrow   {} across 
the upright tubes of the flrst air heater section 
42 and then downwardly through the upright duct 
12{}, to the spaced upright tubes of the intermedi- 
are air heater section 3{}. The air flows down- 
wardly around and between these tubes and is 
then guided in turning to the left (Fig. 1) by the 
angular baflïes 121--123. The air then turns 
again and flows upwardly over and between and 
around the spaced upright tubes of the air heater 
section 3 to an outlet 125 which is connected to 
an appropriate chamber from which the heated 
air is supplied to the burner of the primary fur- 
nace I {}. 
The wall 6{}, between the bank of steam gener- 
ating tubes 3{} and the upright parts of the super- 
heater, is deflned by tubes 14{} and 142 which di- 
rectly connect the upper and lower drums, 22 
and 2{}, respectively. The lower parts of these 
tubes are in single row formation along the wall 
or baflïe 144 which extends obiiquely upwardly, 
and past the superheater section 58. Alternate 
tubes, 142, are bent out of this single row arrange- 
ment above level of the horizontal superheater 
sections 56 and 8{} to provide for gas flow to the 
gas pass 32. Beyond.this position the tubes  4{} 



e, nd ..:t2 :xten.d thm_uh :the ;of   
e .secton L8 8'. Dd :.çhen orm 
ch:ct as drçtqrMal hng;rs::for.be'hePr 
:A»the.uper pon of he..gas 
effective to absorb heur from£he: 
/:th »tubes .act: as..w!l; gefiçng ..ad 
:ubes:f:.theggs.. PaSS=strctue, 
" -natAs,:clamed is: 
..mesor con%ectingsÇi&sam :genra:ging-.tuhes 
 the .:circon _system 
mens [oidg for theçlateral o</of gases:fç0 m 
:the-fnace cross:some. of the..S£.eam genering 
tuhesand then £osn upriht»gs. assçheY0ndtth e 
.;seam .geneati tubes, ..a .superheaer .including 
.a:.headerat the,side oLsaid:eegas psS opposi£e the 
:Igce,-.the :.sperhar inclnding tubes-.haing 
:çies :eonnected 
.c.t!y saced tubes.,exnding gener-y, horizon- 
.tatly:across::efio.w of-gasesn,sid gas pass.and 
prght ..pars ;forming a ba. of hoizonçully 
:-s&ced=£Ubes:.disposed: between the gas passz.and 
.:said :,funace ..a_ series connected ,.with 
prts, and means connecting the,,supezhca£er 
çhe.,fiuid.ystem.  prode for the flo of steam 
fo the superheater, said upright parts being d- 
rectly connected only ,at .their upper ends and 
conneced for series fi0w to the.hoçZontal!y.ïçx- 
:6ehding superhéar tube ars.at.the !oer ends 
of the upright par to tender the superheater 
druinable by..gravity. 
2. In a Steam generar, upright stea m gçner- 
ati .tubes some of which define e.a!!s o a 

 lO 

;ftwnace, means-for-flringthe furn$ce, a s.t..e.a..and :,to ..dawnard «flov, ..a : b.ank of horizontally :ex- 
:/w-ater :drum to whichthetops 0fthe stea m .ge er- :,endineconomizer:tuhes disposed below.th tubes 
;aingtubes are connected, a first superheater sec- 45 ,fthe :prlmary superheater section, ithe.econo- 
:tïondncludihg verticatly extending tubes..disppsed  mizer :tubes - extending .st :rght _.n'gles tto 

 ' hl ;a lïigh :temperature  gas zone, second -super- 
heater section including .spacçd.horizontally ex- 
tending tubes extending across the downward fiow 
of gases in a gas pass, beyond the furnace,.-vall 50 
:tUbes _exposed_to-the .heat of the furnace ,gases 
in the gas turning space st the top of said gas 
pass and conducting steam from the steam and 
water dïum to the second superheater section, 
the tubes of the second superheater section being 55 
connected to the first superheater section for 
steam fiow from the second section through the 
first, a bank of horizontal economizer tubes dis- 
posed below the tubes of the second superheater 
section and extending at 9O ° thereto, and addi- 60 
tional means providing heat absorbing walls oî 
the gas turning space, said additional means ]- 
cluding rows of upright economizer ourlet tubes 
extending upwardly past the second superheater 
section and acting as supports for the bank of 65 
economizer tubes. 
3, In a steam generator-superheater installa- 
tion, steam generating tubes some of which are 
wall tubes defining the boundaries of a furnace, 
a steam and water drum communicating with the 70 
ourlet ends of the steam generating tubes, means. 
for firing the furnace, means providing a fur- 
nace ourlet zone of horizontal gas fiow, means, 
providihg an upright gas pass beyond said zond 
of horizontal gas fiow, a primary superheater Tri 

.horizontal, tubes, of £he, primarY superheater,.nd 
economizer ourlet t.ubes ..extending. up:¢¢ardly  !n 
-.w, all ,formation on..opposite .sides.f,the.upright 
gas-pass. and  on opposite sides. of the 
. the horizontal. tubeof, the. prmarysuperheater 
section, said economizer ourlet tubes forming sup- 
ports for the economizer and defining walls for 
said gas turning space disposed st 90 ° to the row 
of superheater inlet tubes. 
5. In a steam generator, a steam and water 
drum, steam generating wall tubes defining boun- 
daries of a furnace and having their upper ends 
connected to the steam and water drum, a high 
temperattue superheater section consisting of 
serially com]ected and vertically extending tubu- 
lar sections exposed to the heat of the furnace 
gases in the high temperature zone of the gas 
ourlet of the furnace, means providg for a 
downwardly extending gas pass leading from the 
furnace gas outlet, there being a space at the top 
of the gas pass for turning of the gases, a second 
superheater section consisting of horizontally ex- 
tending serially connected tubes disposed across 
the gas fiow in said downwardly extending gas 
uass, the tubes of the second superheater sec- 
ion being connected to the tubes of the first 
for series fiow of steam through the tubes of the 
second and then through the tubes of the flrst 
superheater section, means for conducting steam 
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from the steam and water .drum fo the tubes of 
the low temperature superheater section, said last 
named means including wall tubes along a wall 
of said gas turning space, an ëconomizer includ- 
ing a bank of horizontal tubes disposed below, the 
tubes of the second superheater section and ex- 
tending af 90 ° thereto, and economizer ourlet 
tubes extending in wall formation .upwardly past 
the second superheater sections and said gas 
turning space. 
6. In a vapor generating and superhesting unit, 
a furnace having walls including upright vapor 
generating tubes, means flring the furnace, wall 
means providing a gas pass disposed laterally of 
the furnace, the gas pass being constructed and 
arranged fo receive the gas from the furnace for 
vertical flow of the gases therethrough, other 
wall means providing for substantially horizontal 
flow of gases from the furnace fo the gas in]et of 
the gas pass, a flrst superheater section includ- 
ing horizontally spaced and series connectedl 
lengths of superheater tubes disposed vertically 
across the horizontal flow of gases from the fur- 
nace to the gas pass, a second superheater sec- 
tion including vertically spaced lengths of super- 
heater tubes disposed horizontally across the 
vertical flow of gases in the gas pass, the super- 
heater tube lengths across the horizontal gas flow 
being directly connected fo some of the super- 
heater tube lengths in the gas pass so that there 
is series flow of vapor from one superheater sec- 
tion fo the other, the tubular elements of the 
superheater sections and the gas flow wall means 
being so arranged that af least the major por- 
tion of the gases of the horizontal gas flow and 
at least the major portion of the gases of the 
vertical gas flow flow across the associated super- 
heated tube lengths. 
7. In a vapor generating and superheating 
unit, a furnace having walls including upright 
vapor generating tubes, means flring the furnace, 
wall means providing a gas pass disposed later- 
aHy of the furnace, the gas pass being constructed 
and arranged fo receive the gas from the furnace 
for vertical flow of the gases therethrough, other 
wall means providing for substantially horizon- 
tal flow of gases from the furnace fo the gas inlet 
of the gas pass, a first superheater section in- 
cluding horizontally spaced and series connected 
lengths of superheater tubes disposed vertically 
across the horizontal flow of gases from the fur- 

8 
nace fo the gas pass, a second superheater sec- 
tion including vertically spaced lengths of super- 
heater tubes disposed horizontally across the ver- 
tical flow of gases in the gas pass, the super- 
5 heater tube lengths across the horizontal gas flow 
being directly connected fo some of the super- 
heater tube lengths in the gas pass so that there 
is series flow of vapor from one superheater sec- 
tion to the other, the tubular elements of the 
10 superheater sections being distributed entirely 
across the horizontal flow and the vertical gas 
flow in the gas pass. 
8. In a vapor generator, a furnace including 
vapor generating wall tubes, a vapor superheater 
1,5 including banks of unitary tube sections each 
having two directly united legs angularly and 
transversely related to each other, means con- 
stituting a gas pass having directly joined and 
transversely related legs, the angle of the trans- 
20 versely related legs of ach tube section being 
oppositely opening relative fo. the angle of the 
transversely related gas pass legs, parallel and 
corresponding superheater tube legs extending 
transversely of substantially horizontal gas flow 
25 in one gas pass leg and the remaining super- 
heater tube legs extending transversely of up- 
right gas flow in the other gas pass leg, and a 
superheater header connected to the lowermost 
part of the unitary sections whereby the super- 
30 heater is drainable by gravity, adjacent super- 
heater tube legs remote from the header having 
direct connections 6niy af their ends most remote 
from the header. 
RAYMOND J. BOYER. 
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